(19) 



J 




(12) 



Europaisches Patentamt 
European Patent Office 
Office europ6endes brevets dD EP 0 776 981 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI.^: 01201/68 



(43) Date of publication: 

04.06.1997 Bulletini 997/23 

(21) Application number: 96118704.4 

(22) Date of filing: 21 .1 1 .1 996 



(84) Designated Contracting States: 

AT BE OH DE DKES FR GB IT LI NL 


(72) Inventor: Tsang, Sue Yen 

Walnut Creek, California 94596 (US) 


(30) Priority: 29.11.1995 US 7739 


(74) Representative: WSchter, Dieter Ernst, Dr. et al 
F.Hofffmann-La Roche AG 


(71) Applicant: F. HOFFNIANN-LA ROCHE AG 
4070 Basel (CH) 


Patent Department (PLP), 


124 Grenzacherstrasse 


4070 Basel (CH) 



(54) Oligonucleotide primers for amplifying NOV nucleic acid 

(57) The present invention provides improved prim- 
ers for the polymerase chain reaction (PGR) amplifica- 
tion of a nucleic acid sequence from hepatitis C virus 
(NOV). The primers and amplification methods of the 
invention enable the detection of HCV with greatly 
increased sensitivity. The invention provides also kits 
comprising said primers and methods for amplifying 
hepatitis C virus (HCV) nucleic acid in a sample using 
said primers. Methods for detecting hepatitis C virus 
(HCV) nucleic acid in a sample wherein the nucleic acid 
has been amplified using said primers are also pro- 
vided. 
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Description 

The present invention relates to the field of molecular biology and nucleic add chemistry. More specifically, it relates 
to methods and reagents for amplifying hepatitis C virus (HCV) nucleic acid. The invention therefore has applications in 
the detection of HCV, the field of medical diagnostics generally, and the field of molecular biology. 

The Hepatitis C virus is a small RNA virus containing a single, positive sense, molecule of RNA about 1 0.000 nucle- 
otides in length. The prototypical HCV was described in Choo et al.. 1989. SsiSOOfi 244:359-362; Choo f a/ 1991 , 
Proc Natl Acad Ssi- UM §a:2451-2455; and European Patent Publication Nos. 318.216; 388,232; and 398.748. The 
genome is biiiived to contain a single, long, open reading frame that is translated into a single, large polyprotein and 
subsequently processed. The genome Is known to contain a 5' untranslated region (UTR) upstream of the open reading 

The genome of HCV exhibits a large degree of nucleic acid sequence heterogeneity among strains isolates 
(see Simmonds. 1995. Hfieate 21:570-583. and Bukh etal.. 1994. Piq£. NaH- Acad- Sd- UM 91:8239-8243). The 
5' UTR sequence, however, is known to be relatively conserved. 

The invention of the polymerase chain reaction (PGR), a method for amplifying specific sequences of nudeic acids, 
makes possible the rapid detection of nudeic acids present in a sample in what was previously an undetectaWy low 
quantity (see U.S. Patent Nos. 4.683.195; 4.683,202; and 4.965,188). HCV genomic RNA can be detected by reverse 
transcrtoing HCV genomic RNA to form cDNA. amplifying the resulting cDNA by PGR. and detecting the presence of 

*"^HW dSwfon assays based on PGR amplification of HCV genomic sequences are described in U.S. Patent No. 
5 527 669- European Patent Publication No. 529.493; Young et al., 1993, J. Clin. Miaobiol. 31(4):B82-886: and Young 
et a/ 'l995 a Clin Microbiol . 3a(3):654-657. As described therein, amplification of HCV RNA can be earned out using 
a coiiijlned reverse transcription-polymerase diain reaction (RT-PCR) amprification. in which a single enzyme cata- 
lyzes the primer extension both from the initial genomic RNA template (i.e.. reverse transcripton) and from the DNA 
templates synthesized in the amplification process. 

The present invention provides improved oligonucleotide primers for the effident reverse transaiption-polymerase 
chain reaction (RT-PGR) anplif ication of a region of the 5' untranslated region of the hepatitis C virus (HCV) genome. 

An important advantage of the primers of the present Invention over primers desaibed in the pnor art is that the 
present primers enable amplification of HCV nudeic acid with significanfly higher effidency. As shown in the examples, 
amplifications of HCV nudeic acid using the primers of the present invention are up to a 100-fold more effwenl than 
anplifications using the primers described in the prior art. "me significantly greater amplification effiaency obtained 
using the primers of the present invention Is surprising and unexpected in view of the prior art. 

Another aspect of the invention relates to methods for amplifying a region of the HCV genome which comprise car- 
rying out a polymerase chain reaction using the primers of the invention. Because of the significantiy enhanced ampli- 
fication efficiency obtained using the primers of the present invention, the amplification methods of the present invention 
piwide significantly more amplified product while reducing the amount of primer-dimer formed. As a consequence ttie 
methods of the present invention enable significantiy more sensitive HCV detection assays. Thus, the present invention 
also provides methods for detecting the presence of HCV nudeic acid in a sample compnsing: 

(a) treating said sample in a PGR reaction mixture containing the primers of the present invention under amplifica- 
tion conditions so that HCV nucleic add. if present is amplified; and 

(b) deteding if anplif ication has occun-ed. whidi indicates that HCV nucleic acid is present. 

Another aspect of the invention relates to kits which contain the amplification primers of the invention. These kits 
can include additional reagents, such as oligonucleotide probes for the detection of the amplified nucleic aad. and one 
or more amplification reagents. e.g.. polymerase, buffers, and nudeodde tiiphosphates. 

To aid in understanding the invention, several terms are defined below. 

The terms "nudeic acid" and "oligonudeotide" refer to primers, probes, and oligomer fragments to be amplified or 
detected and shall be generic to polydeoxyribonucleotides (containing 2-deoxy-D-rlbose). to polyribonucleotides (con- 
taining D-ribose). and to any other type of polynudeotide which is an N glycoside of a purine or pyrimidine base, or 
modified purine or pyrimidine base. There is no intended distinction in length between the tenns "nudeic aad and oli- 
flonudeotide", and these terms will be used interchangeably. These terms refer only to the primary structure of the mol- 
ecule THUS these terms indude double- and single-stranded DNA. as well as double- and single-stranded RNA. 

Oligonudeotides can be prepared by any suitable method, including, for example, cloning and restriction of appro- 
priate sequences and direct diemical synthesis by a method sudi as the phosphotriester method <rf Nfrang ef al.. 
1979 Melh Enzvmol. 68S0-99; the phosphodiester metinod of Brown etal., 1979. Mgfli. Eomm- 63:109-151; tne 
diethylS;^f»rSie";nethod of Beaucage et al., 1981. MsJlon Lett. 22:1859-1862; and me sdid support 
method of U S. Patent No. 4.458.066. Methods for synthesizing labeled oligonudeotides are described in Agrawal and 
Zamecnik. 1990. Nud- Acida Bffi. ia(18):5419-5423; MacMillan and Verdine. 1990, 1 Otg. Cbm. 55:5931-5933; Pie- 
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les etal 1989 NucI Acids. Res. 17(22):8967.8978: Roget eta/.. 1989. Nud. Acjds. Res. 12{^9):76«.7651:^ 
S/er etal'T^^^^ A review of synthe^s methods is provided in GoodchiW. 1990. 

Bioconiuoate Chemistr y 1(3): 165-1 87. ^ ^ 

The term "hybrklization" refe.^ to the formation of a dufrfex structure by two single-stranded ""jf « ^ue to 
comDiemertary base pairing. Hybridization can occur between fully (exactly) complementary nudeicacKl strands o 
TeS^e^sSaSy complementary" nucleic acid stmnds that contain minor regions of misma^^. Cond-tons ur^e 
only f uTilemer^ry nucleic acid strands will hybridize are refeted to as "stringent •jVbrKl.zaton con^^^^^ 
r'S^Z.ce specitfc hybridization conditions". Stable duplexes of sitstantially complementary sequences can be 
ahreSTundenstn^genthy^^^^^^^ 
Se^bilS empirically fbllolglheguidance^^^^ 

ina - A Liboratorv Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor. New Yor . „ ^ ^ 

^(iiSlysrg^cond^ons^re'^^^^ 

cHlciquenoe at a defined ionic strength and pH. The Tm is the temperature (under defined .on.c strength and phj at 
d^he base pairs have dissociated. Retexing the stringency of the hybrid|zat«n ""^djonswil allow 
Xn^mfen^^estob'^toleratedithe degree of mismatch 

'^tTSm'Ser-reterstoano^^ 

ditiorS in wWch synthesis of a primer extension product complementary to a nucleic acd strand is induced, i.e.. in the 
J?«ireXr XTrrt nuclLde triphosphates and an agent for polymerization O.e.. DNA polymerase or re.er^ 
CS^^n an l^opriate buffer ^kI ai a suitable tempemture. A primer is preferably a smgle-stranded oligode- 
^SSSe T^S aSSropriate length of a primer depends on the intended use of the pnmer but ycally rang^ 
S 15 to SnScleolidIa Short primer molecules generally require cooler temperatures to fomi suffK:.«|rtiy stable 
SJLmriLes with the template Aprimerneed not reflecttheex^^ 

SfsSn«^.^rer*^^^ hybridize with the template. Primers can incorporate addrtional fe Jur^ which allow 
SjieSci "^mmobiliz^tionTthe primer but do no^ 

S^on of DNA synthesis. For example, primers may contain an additional nucleicaads^^ 
doT^ot hjridize to the target nucleic acid, but which facilitates cloning of the amplified product. T^«/eg.on of ttie 
S^er S s ^Iticienfly dpiementary to the template to hybrWize is referred to herein as *e ►^yk^'''^^^9 ^ejo"; ^ 
heSn an "istream" primer refers to a primer whose extension product is a subsequence of the coding 
straiJa^ownSim-pSreferstoaprimer whose ^^^^ 
cS^rATmerSs^torreversetm^^^^^ 

''*'"T^:nTo3Se Probe-.as used herein, referstoaoligonudeotide which for^ 
seouenc^rf a teSt nudeic add due to corrplementery base pairing. Probes are used for the detection or Cc^ture of 
SgSnui???rApmbeispreferab.y7«ngle^^^^ 

of orintem a "hybridizing region" consisting preferably of from 10 to 50 nudeotWes. more preferably from 15 to 35 
Lerfrifs corr^Siing to^ region of the target sequence. "Corresponding" means at least subsfant«lly comple- 
ifnX^S) eSr^^S-^^ed licleic add or its comf^ement. A probe need not "^Jlf 
SnuSeraSd but must be suffidently conplementary to hybridize with the target under he ^'^^^^^^^"^^ 
40 Ss cJSeT r^obe oligonucleotide can contain, or be bound to. additional features whidi allow tor the detectwn o 
S^^SnTS)?obe but do not significantly after the hybridization characteristics of me hybridizing regioa 
eZSftTobi may be labeled by the incorporation of radiolabeled nucleotides or by being bound to a separate 

'^^'^^Zn an oligonudeotide primer or probe is "specfffc" for a target sequence if the number of mismatah^ 
presStSefn the digoSucleotide anS the target sequence is less tiian the number of mismatehes Presjrrt b^^ 
StaomS^Side and non-target sequences. Hybridization w^^^^ 
nS oT^^fnSreJofmTsmatVhes present is no 

^mdertide and the target sequence. Under such conditions, the target^pedfic ollgonudeotrie can form a staWe 
SSS^ r^SS a a^et ?eque^ce. The use of target-specific primers under suHably *'"3«"»J^P''':=f 
eSSb^The »ecific anplion of those target sequences which contain the target pnmer binding sites. Simrtar^. tiie 
Ssfclf^J'^^^^^ic^o^^^^^ suitably lingeTt hybrklization conditions enables tiie detectfon of a specrtic target 

'^"■^"elerms "target regton" and "target nucleic acid" refers to a region of a nucleic acid which is to be amfjtfied. 
detecSl or c^^A-fee ^alyzed. The sequence to which a primer or probe hybridizes can be referred to as a target ^ 
SS't^m^r^Lable DNA polymerase" refers to an enzyme that is relatively stable to heat and catalyzes tt^e 
polyme^iz^ttan d nudeoside trphSihates to form primer extension products that are coniplementery to one of me 
SSdrSsfra«Jsdthetarg^sequence.Theenzym 

I dTeSfn Sd 2e 5 id of the tem^rfate until synthesis terminates. Purified thermostaWe DNA polymerases are 

commercially available from Perkin-Elmer. Norwalk. CI 
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The terms "amplification reaction mixture" and "polymerase chain reaction mixture" refer to a combination of rea- 
aents that is suitable for carrying out a polymerase chain reaction. The reaction mixture typically consi^ o oligonucle- 
SST^Jners nudeotWe triphosphates, and a DNA polymerase in a suitable buffer. Preferred amplrfication reaction 
mixtures are prowided in the examples. 

The term -amplification conditions", as used herein, refers to reaction conditions suitable for the amplification of ttie 
target nucleic acid sequence. The amplification conditions refers both to the amplification reaction mixture and to the 
temperature cycling conditions used during the reaction. Under amplification conditions using the primers of the present 
invention, amplification of HCV nucleic acid, if present, will occur. Preferred amplication conditions are provided in the 

^ T^Tterm "airpliflcatlon efficiency", as used herein, refers to the amount of produrt produced from a given Initial 
number of target sequences in a given nuiT*er of amplification cycles. Thus, the amplification efficiencies of two reac- 
tion which differ only in the primeis used are compared by quantitatively measuring the amount of product formed m 

fS Tshows a comparison of the amplification reaction using the primer P^*^ j^) "^^^ ^^^^ 1° 
w (SEQ ID NO: 4). (B) ST778AA (SEQ ID NO: 2)/KY80 (SEQ ID NO: 4). (C) ST778AA (SEQ ID NO: 2)/ST280A (SEQ ID 
NO: 1) (40 pmolar) and (D) ST778AA (SEQ ID NO: 2)/ST280A (SEQ ID NO: 1) (60 pmolar) respectively, as described 

'"^nSSe 2 shows a comparison of the airplification reactions using the primer pairs KY7aft<Y80 (-♦-•). 
ST778AA/KY80 (-■-) and ST778AA/ST280A (-wk-) based on the 5'-nuclease assay as described in Example 3 

^ "^'Tiaure 3 shows a comparison of the amplification reactions using the primer pairs KY7afl<Ya) (-♦--). 
ST678A/ST280A (-^-) and ST778AA/ST280A (-X-) based on the 5'-nuclease assay as described in Example 4 

"^''conventional techniques of molecular biology and nucleic acd chemistry, which are within the sWII of Ihe art^e 
fully explained in the literature. See. for example. Sambrook etal.. 1989. Mal.r;Mlnr Oloninq - A 
COW SDrina Harbor Laboratory. Cold Spring Harbor. New York; Oliqon<iclgQtidB Synthesis (M.J. OaA. ed.. 1984). 
SSlto rd HLaizaSimi(B.D'Hames aSd S.J. Higgins. eds.. 1984): ^^'^^^-^-^^^^^J^^Z 
F?i^;;^All patents, patent applications, and publications mentioned herein, both supra and inha. are incorporated 

herein by reference. 



SB 



30 



35 



HCV Amplif icalion Primers 



The nucleotide sequences of the primers are provided in Table 1. shown in the 5' to 3' orientation. Amplifications 
using the upstream primer with either of the downstream primers anplify a 240 base pair produrt from the 5 untrans- 
lated region^f the HCV genome. The primers hybridize to relatively consenred regions within the 5 untranslated region 
of the HCV genome and enable the amplification of nucleic ackJ from the known HCV isolates without the simultaneous 
anplification of non-target sequences from other vimses or from human genomic DNA. 



Table 1 



HCV Amplification Primers 


Upstream 


Seq. ID No. 




ST280A 


1 


5'-GCAGAAAGCGTCTAGCCATGGCGTTA 


Downstream (FTT) 






ST778AA 


2 


5'-GCAAGCACCCTATCAGGCAGTACCACAA 


ST678A 


3 


5'-GCAAGCACCCTATCAGGCAGTACCACA 



Amplification 

55 



The polymerase chain reaction (PCR) amplification process is well known in the art and described In U SJ Jert 
Nos 4 683 195 4 683 202; and 4.965.188. Commercial vendors, such as Perkin Elmer (NomvalK CT), market POH 
reagents and polish PCR protocols. For ease of understanding the advantages provided by the present invention, a 
summary of PCR is provided. , 

In each cyde of a PCR ampHficaHon. a double-stranded target sequence is denatured, primers are annealed to 
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each strand of the denatured target, and the primers are extended by the action of a DNA polymerase. The process is 
repeated typically at least 25 times. The two primers anneal to opposite ends of the target nucleic acid sequence and 
in orientations such that the extension product of each primer is a complementary copy of the target sequence and, 
when separated from its corrplement, can hybridize to the other primer. Each cycle, if it were 100% efficient, would 

s result in a doubling of the number of target sequences present. 

Either DNA or RNA target sequences can be amplified by PGR. In the case of an RNA target, such as in the ampli- 
fication of HCV genomic nucleic acid as described herein, the first step consists of the synthesis of a DNA copy (cDNA) 
of the target sequence. The reverse transcription can be carried out as a separate step, or. preferably, in a combined 
reverse transcription-polymerase chain reaction (RT-PCR). a modification of the polymerase chain reaction for amplify- 

10 ing RNA The RT-PCR arrplification of RNA is well known in the art and described In U.S. Patent Nos. 5.322.770 and 
5 310.652; Myers and Gelfand, 1M1. Biochemistrv 30(311:7661-7666: U.S. Patent Na 5.527.669; Young etal., 1993, 
j' eOn. Microbiol . 31(4):882-886; and Young ef a/., 1995, J. eiiQ. MiasfeiSl. 3S(3):654-657 

" Various sarrple preparation methods suitable for RT-PCR have been described in the literature. For example, tech- 
niques for extracting ribonucleic ackte from biological samples are described in Rotbart et al.. 1989. in PGR Technoloqv 

15 (Erilch ed Stockton Press, NewVbrk) and Han etal.. 1987, Bisshgmi§!rj£2g:1617-1625. The particular method used 
is not a critical part of the present invention. One of skill in the art can optimize reaction conditions for use wrth the 
known sample preparation methods. Preferred sample preparation methods for use in the detection of HCV RNA are 
desaibed in U.S. Patent No. 5.527,669; Young ef al.. 1993. supra, and Young et al.. 1995, supra. 

Due to the enormous amplHicalion possible vnth the PGR process Jow levels of DNA contaminaton from samples 

20 with high DNA levels, positive control templates, or from previous amplifications can result in PGR product, even in the 
absence of purposefully added tenplate DNA. Laboratory equipment and techniques which will minimize cross con- 
tamination are discussed in Kwok and Higuchi, 1989, Nature. ^:237-238 and Kwok and Orrego, in: Innis ef al. eds.. 
1990 PGR Protocols: A Guide to Methods and Applications. Academic Press, Inc., San Diego. CA. Enzymatic methods 
to reduce the problem of contamination of a PGR by the amplified nucleic acid from previous reactions are described in 

25 PGT patent publication No. US91/05210. U.S. Patent No. 5.418.U9. and US. Patent No. 5.035,996, each incorporated 
herein by reference, and in Young ef a!., 1995, supra. 

Arrplification reaction mixtures are typically assembled at room temperature, well below the temperature needed 
to insure primer hybridization specificity. Non-specific amplification may result because at room temperature the pnm- 
ers may bind non-specifically to other, only partially complementary nucleic add sequences, and inHiate the synthesis 

so of undesired nucleic acid sequences. TTiese newly synthesized, undesired sequences can compete vmth the desired 
target sequence during the amplification reaction and can significantly deaease the amplification efficiency of the 
desired sequence. Non-specific amplification can be reduced using a "hot-start" wherein primer extension is prevented 
until the temperature is raised sufficiently to provide the necessary hybridization specificity 

In one hot-start method, one or more reagents are withheld from the reaction mixture until the temperature is raised 

35 sufficiently to provide the necessary hybridization specificity. Hot-siart methods which use a heat labile matenal, such 
as wax to separate or sequester reacBon components are described in U.S. Patent No. 5,41 1 ,876 and Chou et al.. 
1992 NucI MdsBes.20(7):1717-1723. In another hot-start method, a reverstoly inactivated DNA polymerase is used 
which does not catalyze primer extension until activated by a high temperature incubation prior to, or as the first step 
of theanplification. An example of such a reversibly inactivated DNA polymerase is AmpliTaq~GOLD (for a review see 

40 Birch et al 1996. m\s& 381:445-446). Non-specific amplHication also can be reduced by enzymahcally degrading 
extension p'roducte formed prior to the initial high-temperature step of the amplification, as described in U.S. Patent No. 
5,418,149. 

Analysis of Amplified Product 

^ In a preferred embodiment of the present invention, amplification of HCV genomic nucleic acid is carried out as part 
of an HCV detection assay The anplification leads to an increase of the amount of HCV nucleic acid to a detectable 
level Methods fbr detecting PGR amplified nucleic acids are well known in the art. For example, the presence and 
quantity of amplified product can be assayed directly using gel electrophoresis using protocols well known in the art 

so (see. fbr example, Sambrookef a/.. 1989, supra). 

Detection of the amplified product can be can-led out using oligonucleotide probes which hybridize specifically to 
the amplified HCV nucleic acid. Suitable protocols for detecting hybrids formed between probes and target nucleic acid 
sequences are known in the art. HCV nudeic acd amplified using the primers of Table 1 can be detected using the 
probes and methods described in U.S. Patent No. 5,527,669; Vbung et al.. 1993, supra; and Vbung ef al.. 1995. supra 

55 A preferred assay method, refetred to as the 5"-nudease assay, is described in U.S. Patent No. 5,210,015 and Hol- 
land ef al.. 1991, QaS- IM. ASid. M- lJM^:7276-7280. In the 5'-nudease assay, labeled detection probes are 
involved in the PGR amplification reaction mixture. The probes are modified so as to prevent the probes from actng as 
primers for DNA synthesis. Any prdbe which is hybridized to target DNA during a synthesis step, i.e.. dunng pnmer 
extension is degraded by the S-ni;:. tease activity of the DNA polymerase. e.g.. rTth DNA polymerase. The presence of 
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dearaded probe indicates both that hybridization between probe and target DNA occun-ed and that amplification 
occurred. IWIethods for detecting probe degradation are described in U.S. Patent No 5.210,015. in EP-A-699 768, in EP- 
A-713 921 and in the exaniples below. 

The probe-based assay fortrats described above typically utilize labeled oligonucleotides to facilitate detection of 
the hybrid duplexes. Oligonucleotides can be labeled by incorporating a label detwtable by spectroscopic, photochem- 
ical biochemical, immunochemical, or chemical means. Useful labels include ^^P. fluorescent dyes, electron-dense 
reagents enzymes (as commonly used in ELISAS). biotin. or haptens and proteins for which antisera or monoclonal 
antibodi^ are available. Labeled oligonucleotides of the invention can be synthesized using the techniques described 
abovG 

An alternative method for detecting the amplification of HCV nucleic add. in which the increase in the total amount 
of double-stranded Dl^ in the reaction mixture is monitored, is described in Higuchi et al.. 1992, Bign"gChnolQqY 
10-413-417- Higuchi etal.. looa Binn-echnoloav 11:1026-1030: and European Patent Publication Nos. 487.218 and 
5T2 334 The detection of double-stranded target DNA relies on the increased fluorescence that ethidium bromide 
(EtBr) and other DNA binding labels exhibit when bound to douWe-stranded DNA. Amplication increases the amount 
of double-stranded DNA and results in a detectable increase in fluorescence. Because non-specific amplification and. 
in particular primer-dimer. also results in the formation of double-stranded DNA reduction of non-specific amplification 
Is desirable. The primers of the present invention are particularly useful because they enable amplification with unex- 
pectedly low levels of background non-specific amplification products. 

The amplification methods and primers of the present invention are not limited to use in detechon assays. For 
example, as is well known in the art. amplified nucleic acid can be used in cloning or sequencing (see. for example U.S^ 
Patent No. 4.683,195). The present primere are useful in general due to the higher yields of amplified nucleic acid and 
lower level of non-specific amplification products obtained. ^. • 

The present invention also relates to Wts. viz. multicontainer units comprising useful components for practicing me 
present method. A useful kit contains primers for the amplification of HCV nucleic add. A kit can also contain means tor 
detecting amplified HCV nucleic acid, such as oligonucleotide probes. Other optional components of the kit indude, tor 
example an agent to catalyze the synthesis of primer extension products, substrate nucleoside triphosphate appro- 
priate buffers for amplification or hybridization reactions, and instructions for carrying out the present method. The 
examples of the present invention presented below are provided only for illustrative purposes and not to limit the scope 
of the invention. Numerous eirtxxliments of the invention within the scope of the claims that follow the examples will be 
apparent to those of ordinary skill in the art from reading the toregoing text and following examples. 

Example 1 

Am prrficationofHCVRNA 

Ampliffcations of HCV RNA were carried out using the following protocol. 



40 



AS 



Sample Pretaration 

Amplifications were earned out both using synthetic RNA templates and using RNA isolated from clinical sarnies. 
THe use of a synthetic tenplale allowed control over the number of target RNA molecules added to each reacton Syn- 
thetic RNA templates were transcribed using an HCV RNA transcription vector as desaibed in Young et al 1993 
supra- For anplifications of HCV RNA from dinical samples. RNA was isolated from serum as described in Young et 
al., 1995, supra. 

Amplification 

Amplifications were carried out in 100 jil reactions volumes. Eadi reaction contained the following reagents: 



so HCV RNA template, 

400 nM each primer (except where noted). 

1 ^IM labeled probe. 

50 mM Bidne (pH 8.3) 

100 mlWI KOAc. 
55 200 nM each dATP.dCTP.dQTP. and dUTP. 

3.6 mfi/l l\/ln(0Ac)2. 
8% glycerol. 

20 units of rTth DNA polymerase*, and 
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2 units of UNG*. 



A detection probe was included in each reaction mixture to enable detection of the amplified product using the 5'- 
nudease assay, as described below. The probe used was KY150. described In US. Patent No. 5.527.669, and Young 
etal 1995 supra. The probe was synthesized with fluorescein (FAM) {Perkin Elmer, Applied Biosystems Division, Fos- 
ter City CA) bound at the 5' end and a 3'-P04 instead of a 3'OH to block any extension by the DNA polymerase. 

ArTpliflcations were carried out in a GeneAmp TC9600 DNA thermal cycler using thin-walled MicroAmp reaction 
tubes (both from Perkin Elmer, Nonwalk, CT), using the following temperature profile: 



Pre-reaction incubation 50**C fa 2 minutes; 
Reverse transcription 60°C for 30 minutes 
2 cycles: 

denature 95''C for 15 seconds, 

anneal/extend 60^0 for 20 seconds 
46 cycles: 

denature 90**C for 15 seconds. 

anneal/extend 60*'C for 20 seconds 
Hold 72'C for no more than 15 minutes 

Following the temperature cycling, the reactions were held at ■20'C before analysis. 



Dfttection of A mplified Product 

Arrplif ied HCV nucleic acid was analyzed both by gel electrophoresis and using the 5'-nuclease assay. Gel electro- 
phoresis provided a easily visualized confirmation of the presence of amplified product and a rough estimate of the rel- 
ative amount of amplification product produced. The 5'-nuclease assay was used to provide an accurate quantrtative 
estimate of the anwunt of amplification product produced. 



A Gel Electrophoresis 

The presence of amplified product was detected by gel electrophoresis as follows. Reaction products were fraction- 
ated using an agarose gel (3% NuSieve™ and 1% SeaChem™) and IX TBE (0.089 M Tris, 0.089 1^ boric add, 0.0025 
M disodium EDTA) running buffer Electrophoresis was carried out at 100 volts for approximately 1 hour. Ethidium bro- 
mide (0.5 |ig/ml) was added following electrophoresis to stain any DNA present. The gel was destained bnef ly in water 
and the ethidium bromide-stained bands of DNA were visualized using UV in-adiation. 



R S'-Nudease Assay 

As described above, amplifications were carried out in the presence of a f luorescein-labeled, HCV-specrfic detec- 
tion probe modified so as to preclude extension by the DNA polymerase. The probe, whidi was complementary to a 
region of the HCV target sequence located between the two primer binding sites, was deaved by the 5'-nudease activ- 
ity of the rTth DNA polymerase during primer extension. Following amplification, residual undeaved probe was sepa- 
rated from reaction mixture and the fluorescence of the remaining cleaved probe fragments was then measured as an 
indication of the amount of amplification product synthesized. 

Undeaved probes were extracted from the reaction mixture following amplification using beads coated with pdy- 
ethyleneimine (PEI), which bind to the full-length, undeaved probe, but which do not bind appreciably to cleaved probe 
fragments The PEI heads are added to the reaction mixture, allowed to bind to the undeaved probes, and the resulting 
PEI-prcbe complexes are removed by centrifugation. The amount of probe deavage fragments remaining is determined 
by measuring the fluorescence. Details of the PEI bead extraction are described below. 

Prior to use PEI beads (Baker Bond wide-pore PEI beads from J.T Baker, Phillipsburg. N.J.) were soaked in dis- 
tilled deionized'(dd) water at least for several hours (or overnight) at 4«C. The PEI beads were washed sequentially 
using the fdlowing: (1) dd water, (2) ethanol, (3) dd water. (4) 1M Tris (pH 8.3). (5) 50 mM Tris (pH 8.3), 1M NaCI, and 
(6) binding buffer (10 mM Tris. 50 mM KO. 1 mM EDTA, 500 mM NaCI and 8 M Urea). After the last wash, the beads 
were resuspended in binding buffer at 60 mg (wet weight) of PEI beads per 300 ^1 of binding buffer. 

To capture the unbound probe. 75 jil of the PGR reaction mixture were added to 300 fil of the PEI bead suspension 
(about 60 mg of PEI beads). The mixture was vortexed for 10 minutes to mix and allow binding of the PEI beads to the 
undegraded probes. Following centrifugation in a Microfuge at maximum speed for 2 minutes to remove the PEI-probe 



* manufactured and developed by Hoffmann-La Roche and mai1<eted by Perkin Elmer. Norwalk. CT. 
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conplexes, 200 jil of supernatant were transferred by pipette to the well of a microwell plate. The fluorescence was 
measured in a CytoFluor™ microtlter plate reader (Perceptive Biosystems, Bedford, MA) at room temperature using a 
485 nm excitation filter (20 nm band pass width) and 530 nm emission filter (25 nm band pass width). 

Example 2 

Comparison with Prior Art Primers - Analysis bv G el Electrophoresis 

This example describes a comparison of the primers of the present invention to the primers described in the prior 
art which are most similar to the present primers. TTie property of the primers compared was the amplification efficiency, 
defined as the amount of product produced in a given number of amplif icalion cycles. 

The primere described in the prior art which are most similar to the primers of the present invention are KY80 (SEQ 
ID NO: 4) and KY78 (SEQ ID NO: 5) described in U.S. Patent No, 5,527,669; European Patent Publication No. 529.493; 
and Young et al., 1993, supra. A sequence comparison of these prior art primers and the primers of the present inven- 
tion is provided below. 



Comparison of Primer Sequences 


Upstream 


Seq ID No. 




ST280A 


1 


5'-GCAGAAAGCGTCTAGCCATGGCGTTA 


KY80 


4 


5'-QCAQAAAGCGTCTAGCCATGQCGT 


Downstream 






ST778AA 


2 


5'-GCAAGCACCCTATCAGGCAGTACCACAA 


ST678A 


3 


5*-GCAAGCACCCTATCAGGCAGTACCACA 


KY78 


5 


5'-CTCQCAAGCACCCTATCAGGCAGT 



Amplifications were carried out as described in Example 1 using samples containing 0, 10, 25, and 100 copies of 
synthetic HCV RNA template. Reactions were carried out using the primer conttinations shown below. Reactions (a), 
(b). and (c) contained 400 nM of each primer. Reaction (d) differed from (c) in that the primer concentrations were 
increased to 600 nM. 

(a) KY80 (SEQ ID NO: 4) and KY78 (SEQ ID NO: 5) 

(b) KY80 (SEQ ID NO: 4) and ST778AA (SEQ ID NO: 2) 

(c) ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 2) 

(d) ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 2) 

Amplifications with each primer pair and input target number were carried out in triplicate. The amplified products 
were analyzed by gel electrophoresis, as described above. The results are presented in Figure 1. The bands con-e- 
sponding to the anplrfied HCV target sequence are indicated; the lower bands conresponds to non-specific amplifica- 
tion products (primer dimer). 

For each HCV target concentration, the most intense bands, corresponding to the greatest amount of amplification 
product, were produced using the primer pair ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 2). Only this primer 
pair yielded a detectable amount of amplification product from 10 copies of target. Also apparent, particularly in the 
anplif ications using 1 00 copies of target, is a significant decrease in amount of non-specific amplification product using 
ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 2). A comparison of amplifications (c) and (d) indicates that a 
primer conc^ration of 400 nM provided better results than a primer concentration of 600 nM. 

The amplifications carried out using KY80 (SEQ ID NO: 4) and ST778AA (SEQ ID NO: 2) were included to assess 
the inprovement attributable to the RT primer of the present invention. TTie results obtained from amplifications (a) and 
(b) with 25 and 100 copies of the target sequence indicate that use of the RT primer of the present invention in combi- 
nation with the prior art upstream primer resulted in a significant improvement in product yield, although not as great as 
obtained from amplifications (c) and (d) using a combination of both the RT and upstream primers of the present inven- 

Although gel analysis provides easily visualized evidi^noe of the superiority of the primers ST280A (SEQ ID NO: 1) 
and ST778AA (SEQ ID NO: 2). the intensity of the banc 3 do not provide an accurate quantilative comparison of the 
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amplification products. For a quantitative comparison, tine 5'-nuclease assay was used. 
Example 3 

Coirparison witii Prior Art Primers - g-n uclease Analysis 

This exanple describes amplifications using the primer comk>inations described in Example 2 wherein the analysis 
of the amplification products was carried out using the 5'-nuclease assay. Amplifications were carried out as described 
in Example 1 using samples containing 0. 10. 25. lO^, 10^ 10^ 10^ and 10^ copies of synthetic HCV RNA template 
and primer concentrations of 400 nM for each primer. Amplifications with each primer pair and input target number were 
carried out in triplicate. As in example 2, above, the following primer combinations were used. 

(a) KY80 (SEQ ID NO: 4) and KY78 (SEQ ID NO: 5) 

(b) KY80 (SEQ ID NO: 4) and ST778AA (SEQ ID NO: 2) 

(c) ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 2) 

The amplified product was analyzed using the S'-nudease assay, as described in example 1. The data are pre- 
sented in Figure 2. plotted as the fluorescence signal of the cleaved probe fragments versus the logarithm of the initial 
HCV target sequence copy nurrtoer. Each fluorescence value is the average of the replicate measurements. The stand- 
ard error for each value is indicated in Figure 2. , 

The data presented in Figure 2 provide confirmation of the significant improvement in amphficaton efficiency 
obtained using the primers of the present invention, as observed in the gel eleclrophoretic analysis presented in Figure 
1 described above. The fluorescence signals generated from amplifications of 10-10^ copies of the target sequence 
using primer pair ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 2) were significantly greater than the fluores- 
cence signals generated from the corresponding amplifications using primer pair KY80 (SEQ ID NO: 4) and KY78 (SEQ 
ID NO- 5) Furthermore, as also seen in Figure 1 , amplifications using the RT primer of the present invention, ST778AA 
(SEQ ID NO- 2). in combination with the prior art upstream primer, KY80 (SEQ ID NO: 4), also resulted in a significant 
improvement in product yield, although not as great as obtained using a combination of both the RT and upstream pnm- 
ers of the present invention. . 

One measure of the relative amplrf ication efficiency is provided by comparing the HCV input copy number required 
to obtain a given fluorescence signal. As seen in Figure 2. the average signal obtained from the amplifications of 10 
copies of HCV target using primer pair ST280A (SEQ ID NO: 1 ) and ST778AA (SEQ ID NO: 2) was approximately equal 
to the average fluorescence signal obtained from amplifications of 10^ copies of HCV using primer pair KY80 (SEQ ID 
NO- 4) and KY78 (SEQ ID NO: 5). Thus, a similar annount of amplification product was obtained from a 100-fold lesser 
input copy number, or. in other words, the amplifications using primer pair ST280A (SEQ ID NO: 1) and ST778AA (SEQ 
ID NO- 2) were about 100-fold more efficient than the amplifications using the prior art primers. 

Another measure of the relative amplification eRiciency is provided by comparing the lowest HCV target number 
detectable. Using primer pair ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 2). arrprrficatior^oMO cope^ 
HCV RNA provided a clearly detectable signal. In contrast, using primer pair KY80 (SEQ ID NO: 4) and KY78 (SEQ ID 
NO- 5) amplifications of 10 copies of HCV target RNA did not result in a detectable signal. No detectable signal was 
generated using primer pair KY80 (SEQ ID NO: 4) and KY78 (SEQ ID NO: 5) below 100 copies of HCV 

Given the sequence similarity of the upstream primers ST280A (SEQ ID NO: 1) and KY80 (SEQ ID NO: 4). and the 
sequence similarity between the downstream primers ST778AA (SEQ ID NO: 2) and KY78 (SEQ ID NO: 5) , there would 
be no reason to expect such a dramatic improvement in amplification efficiency. The observed improvement Obtamed 
using the primers of the present invention was surprising and unexpected in view of the prior art. 

Example 4 

Comparison with Prior Art Primers: 5' -nuclease Assay 

This exanple describes comparisons of amplifications using the following primer combinations. 

(a) KY80 (SEQ ID NO: 4) and KY78 (SEQ ID NO: 5) 

(b) ST280A (SEQ ID NO: 1) and ST678A (SEQ ID NO: 3) 

(c) ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 2) 

Amplifications were carried out as described above using samples containing 0, 10. 25. 10^ 10^ 10^ 10^ and 10^ 
copies of synthetic HCV RNA tenplate and primer concentrations of 400 nM for each primer. Amplificatons with each 
primer set and input target number were caried out in triplicate. Amplified product was analyzed using the S'-nudease 
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assay as described above. The data are presented in Figure 3. plotted as the fluorescence signal of the cleaved probe 
fragments versus the logarithm of the initial HCV target sequence copy number. Each fluorescence value is the average 
of the replicate measurements. The standard error of each value is indicated in Figure 3. 

The fluorescence signals generated from amplifications of 10-10^^ copies of target using either primer pair ST280A 
(SEQ ID NO: 1) and ST678A (SEQ ID NO: 3) or primer pair ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 2) 
exceeded the fluorescence signals generated from the corresponding amplifications using primer pair KY80 (SEQ »D 
NO: 4) and KY78 (SEQ ID NO: 5), The results indicate that both primer pairs of the present invention amplified the HCV 
target RNA with greater efficiency than the prior art primers. 

A comparison of the average signal obtained from amplifications of 10 copies of HCV target using primer pair 
ST280A (SEQ ID NO' 1) and ST778AA (SEQ ID NO: 2) to the average signal obtained from amplifications of 10 copies 
of HCV target using primer pair KY80 (SEQ ID NO: 4) and KY78 (SEQ ID NO: 5) shows that amplifications using primer 
pair ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 2) were over 10-1dld more efficient. Similarly, amplifications 
using primer pair ST280A (SEQ ID NO: 1) and ST678A (SEQ ID NO: 3) were nearly 10-fold more efficient within the 
same range of initial HCV target copy number. 

Example 5 



Amplification in a Tricine Buffer 

The 5'-nuclease assays described above used probes labeled with fluorescein (FAM) at the 5' end and a 3'-P04 
instead of a 3'-0H to block any extension by the DNA polymerase. Amplifications were also carried out using probes 
labeled with hexachlorofiuorescein (HEX), also obtained from Perkin Elmer. Applied Biosystems Division (Foster City. 
CA). Unlike FAM-labeled probes, HEX-labeled probes were unstable in the Bicine amplification buffer descnbed in 
example 1 However, HEX-labeled probes were found to be stable in Tricine amplification buffers. 

Amplifications using Bicine and Tricine are essentially equivalent, although a routine reoptimization of the reagent 
concentrations is recommended. The reaction mixture found to be optimal for amplifications using a Tncine buffer is 
described below. No change of the temperature cycling was necessary. 



HCV RNA template, 
30 400 nM each primer, 

1 fiM HEX-ldDeled probe, 

200 jiM each dATP, dCTP, dGTP, and dUTP. 
55 mM Tricine (pH 8.3). 
90 mM KOAc. 
35 3.0 mM Mn(0Ac)2, 
8% glycerol. 

20 units of rTth DNA polymerase*, and 

2 units of UNO*. 



40 



45 



SO 



55 



* manufactured and developed by Hoffmann-La Roche and marketed by Perkin Elmer, Norway, CT. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

<i) APPLICANT: 

(A) NAME: F.Hoffmann-La Roche Ltd 

(B) STREET: Grenzacherstrasse 124 

(C) CITY; Basel 

(D) STATE: BS 

(E) COUNTRY: Switzerland 

(F) POSTAL CODE (ZIP) : CH-4070 

(G) TELEPHONE: (0)61 688 24 03 

(H) TELEFAX: (0)61 688 13 95 

(I) TELEX: 962292/965512 hlr ch 

(ii) TITLE OF INVENTION: Oligonucleotide primers for 
amplifying HCV nucleic acid 

(iii) NUMBER OF SEQUENCES; 5 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version 
#1.30 (EPO) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 60/007,739 

(B) FILING DATE: 29-NOV-1995 



(2) INFORMATION FOR SEQ ID NO: 1: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
GCAGAAAGCG TCTAGCCATG GCGTTA 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STE^ANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GCAAGCACCC TATCAGGCAG TACCACA 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GCAGAAAGCG TCTAGCCATG GCGT 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
CTCGCAAGCA CCCTATCAGG CAGT 



GCAAGCACCC TATCAGGCAG TACCACAA 
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Claims 

1. An oligonucleotide primer selected from the group consisting of ST280A (SEQ ID NO: 1). ST778AA (SEQ ID NO: 
2), and ST678A (SEQ ID NO: 3). 

2 A pair of digonucleolide primer for the polymerase chain reaction amplification of hepatitis C virus (HCV) "ucleic 
acid, wherein said pair contains an oligonucleotide primer selected from the grotfj consisting of ST280A (SEQ ID 
NO:'l), ST778AA (SEQ ID NO: 2). and ST678A (SEQ ID NO: 3). 

w 3. ThB pair of oligonucleotide primers of Claim 2 consisting of ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 
2). ol- ST280A (SEQ ID NO: 1) and ST678A (SEQ ID NO: 3). or KY80 (SEQ ID NO: 4) and ST778AA (SEQ ID NO: 
2)' 

4, A kit for detecting hepatitis C virus (HCV) nucleic acid, wherein said kit comprises a pair of oligonucleotide primers 
15 of any one of claims 2 or 3. 

5 A method for amplifying hepatitis G virus (HCV) nucleic acid, wherein said method comprises can-ying out a 
polymerase chain reaction using a pair of oligonucleotide primers as claimed in any one of claims 2 to 3. 

20 6. A method for detecting hepatitis C virus (HCV) nucleic acid in a sample, comprising: 

(a) treating said sample in a polymerase chain reaction amplification mixture comprising a pair of oJiQonude- 
otide primers containing an oligonucleotide primer selected from the group consisting of ST280A (SEQ ID NO: 
1), ST778AA (SEQ ID NO: 2). and ST678A (SEQ ID NO: 3). under amplification conditions so that HCV nucleic 

25 acid, if present, is amplified; and 

(b) detecting if anplif ication has occurred, which indicates that HCV nucleic ackJ is present. 

7. A method of Claim 8, wherein said pair of primers consists of ST280A (SEQ ID NO: 1) and ST778AA (SEQ ID NO: 
2), or ST280A (SEQ ID NO: 1) and ST678A (SEQ ID NO: 3). or KY80 (SEQ ID NO: 4) and ST778AA (SEQ ID NO: 

30 2). 



35 



40 



45 



50 



55 
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(g) KY78/KY80 

® ST778AA/KY80 

© ST778AA/ST280A. 40 pmoles 

(D ST778AA/ST280A.60 pmoles 



0 COPIES 10 COPIES 



a,b,c.d|a,b,c,d 




<- Product 



25 COPIES 100 COPIES 

i 

,b|b, C , D I A , B , C , D , 

<- Product 
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